Tidal range inside the Penzé estuary fluctuates from 1.8 to 9.2 m. Because this estuary is relatively shallow (depth lower than 4 m mostly), the sea penetrates deeply (about 6 km) into the flooded valley. The Penzé river flow is rather modest, with a mean annual flow of 4 m 3 .s -1 . The Penzé estuary is well-mixed, meaning that similar salinity is detected from the surface to the bottom and a continuous salinity gradient, ranging from freshwater to marine waters, is detected from upstream to downstream. Plankton samples were collected at 1 m depth using a Niskin bottle, two hours before the high tide at salinities 27 and 29 (psu), reported to display the maximal abundances of A. minutum (Maguer et al. 2004 ). In 2011, maximal A. minutum densities were detected at salinity 29 (in 80% of samplings).
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Sampling strategy
Tidal range inside the Penzé estuary fluctuates from 1.8 to 9.2 m. Because this estuary is relatively shallow (depth lower than 4 m mostly), the sea penetrates deeply (about 6 km) into the flooded valley. The Penzé river flow is rather modest, with a mean annual flow of 4 m 3 .s -1 . The Penzé estuary is well-mixed, meaning that similar salinity is detected from the surface to the bottom and a continuous salinity gradient, ranging from freshwater to marine waters, is detected from upstream to downstream. Plankton samples were collected at 1 m depth using a Niskin bottle, two hours before the high tide at salinities 27 and 29 (psu), reported to display the maximal abundances of A. minutum (Maguer et al. 2004 ). In 2011, maximal A. minutum densities were detected at salinity 29 (in 80% of samplings).
The Rance estuary is larger (16 km long and 2.5 km wide) but its flow is significantly altered downstream by a tidal power station and upstream by the Châtelier lock which limits the southward progression of seawater. Ten fixed stations were defined along the Rance estuary (Sup. Table 1 ). Six on ten stations have been sampled every day. Their locations were daily readjusted according to the maximal A. minutum density measured the day before in order to maximize the chance to sample the maximal density of the microalga (in 80% of cases, maximal A. minutum densities have been detected at stations 3 and 4). Samples were collected two hours before gate aperture of the tidal power station.
Plankton samples were collected using a Niskin bottle at the deep chlorophyll maximum (from 0.5 to 4 m depth), determined on board using a portable CTD (CastAway, ISY).
For microscopic analyses, 50 mL of the sample were fixed on board by 2% Lugol's solution.
For molecular studies, seawater samples (1-2 L) were fractionated in the laboratory by sequential filtration through 47 mm diameter polycarbonate filters with 10 and 3 µm (Whatman) pore sizes and a 0.2-µm-pore-size Sterivex unit (Millipore). Filters were submerged in lysis buffer (0.75 M sucrose, 50
mM Tris-HCl, pH 8) and immediately frozen in liquid nitrogen and stored at -80°C. The rest of the fresh sample (3-5 L) was immediately processed for strain isolation.
Details of the DNA extraction and PCR reactions
Identification of host and parasite species
DNA extraction was performed on strains collected during their exponential growth stage. The dinoflagellate host was directly centrifuged, while the parasite zoospores were filtered through a 5-µm cellulose acetate filter (Minisart, Sartorius, Germany) to remove all remains of the initial host, then centrifuged.
DNA of the dinoflagellate host and the parasite strains was extracted using either the CTAB method (Lebret et al. 2012) or the Nucleospin 96 Plant kit (Macherey-Nagel, Düren, Germany), according to the manufacturer's instructions, using 5-10 mg of dried tissue resuspended in 100 µL an initial denaturation at 95 °C for 5 min, followed by 35 PCR cycles (denaturation at 95 °C for 45 s, annealing at 53 °C for 45 s and extension at 72 °C for 45 s), followed by a final extension at 72 °C for 10 min. The PCR products were purified using the BigDye® Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Foster City, CA, USA) for subsequent bidirectional sequencing using a capillary sequencer type ABI 3130XL (Applied Biosystems).
The endoparasite Amoebophrya spp., which commonly infects dinoflagellates, was not observed infecting A. minutum during this study. We screened for its presence using fresh samples by epifluorescence microscopy (BX51, Olympus) equipped with the U-MWB2 cube (450-to 480-nm excitation, 500-nm emission, (Coats & Bockstahler 1994 rostrata primer set = 100% and P. infectans primer set= 98%.
Genotyping and determination of genetic clusters
Genetic differentiation among host strains was analyzed with STRUCTURE version 2.2 (Pritchard et al. 2000) , allowing classification into three genetic clusters.
For this analysis, only 9 microsatellite loci were retained in order to allow a maximum of 18% of missing data per locus. STRUCTURE uses a model-based Bayesian method to delineate clusters of individuals on the basis of their genotypes at multiple loci. Hardy-Weinberg and linkage disequilibrium are minimized within clusters. The estimated log probability of data Pr(X | K) for each value of K is given, allowing the estimation of the more likely number of clusters. The analysis was run on the whole data set without any a priori population assignments and admixture was allowed. For each value of the number of cluster K (all values from 1 to 11), we ran 20 simulations using a burn-in of 100,000 iterations and a run length of 1,000,000 iterations. The best K was inferred both from the posterior probability of the data, L(K), and following the ΔK choice criterion of (Evanno et al. 2005 ).
For the selected K, results from the 20 replicate runs were averaged using CLUMPP version 1.1.2 (Jakobsson & Rosenberg 2007 ) and each strains was assigned to a genetic cluster depending on their probability of assignment (> 55%).
Local adaptation
Local adaptation could be tested only for the parasite P. infectans, as P. rostrata is present only in the Penzé estuary. To make meaningful comparisons across estuaries, we set the time of maximum A. minutum density to day 0 in both estuaries (i.e., day 0 is 22 June 2011 in Penzé, and 27
May 2011 in Rance). Local adaptation was defined in two ways. When two populations are assayed, it has been suggested that local adaptation is present only under the strict criterion when the reaction norms across environments cross (Kawecki & Ebert 2004 ). Additionally we defined local adaptation as the difference between fitness in sympatry and fitness in allopatry. However, when only two demes are sampled, this contrast could represent any form of interaction between population and habitat, and not necessarily local adaptation. Moreover, with two demes it is not possible to test for the significance of this contrast while accounting for habitat and population main effects (Blanquart et al. 2013 ). To resolve the latter problem, we tested significance of the sympatric versus allopatric (SA) contrast using a permutation test. Specifically, we generated a null distribution of the SA contrast by considering the same transfers as for the true SA contrast, but where the sympatric versus allopatric status of transfers were randomized. This test can be thought of as a test of non-parallelism of reaction norms.
Patterns of local adaptation can be more apparent when the parasites are tested with hosts time-shifted in the past (Koskella 2014 ). We first tested local adaptation using all transfers where the parasite and host populations were sampled after day 0. Second we measured a time-shifted local adaptation where we tested the parasite populations sampled after day 0, and the host populations sampled at or before day 0.
Because parasites from Rance were generally less infectious than parasites from Penzé, the stricter criterion (reaction norm crossing) was not fulfilled (Sup. Fig. 1 ). Nevertheless, our analysis revealed a pattern of non-parallelism, whereby the fraction of host strains infected by the parasite in allopatry is 0.18 greater than in sympatry (p = 0.042, using a permutation test with 1000 permutations). In contrast, when considering time-shifted local adaptation, using the hosts sampled at or before day 0, the parasite local adaptation was positive at 0.13 (p = 0.068) (Sup. Table 5 ). These contrasted patterns of non-parallelism cannot be interpreted as local adaptation, but mainly emerged as the parasite in Rance, in sympatry, had quite low infectivity on the contemporaneous host (host sampled after day 0), but slightly larger infectivity on the hosts of the past (hosts sampled before day 0), as the host in Rance evolved an increased resistance (see analysis of temporal trends, Fig. 4 ).
Correcting the significance levels in the generalized linear model using randomized pseudo-datasets
Sampling of parasite strains was relatively limited (at several dates only 1 strain was available), which hinders detection of temporal trends if the parasite population exhibits large variability. In particular the limited number of strains sampled at each time point is not necessarily representative of the true variability within the population, such that variation across time points attributed to temporal variations could in fact be due to sampling effects. We used simulation to determine the type 1 error rate of the model (rate of false positive) for the detection of temporal trends in infectivity or resistance. Specifically we used randomized pseudo-datasets with exactly the same structure as the true dataset but where the host and parasite strains were randomized. These randomized pseudo-datasets comply to the null hypothesis (no difference in infectivity between date host and date parasite), and if the linear model behaves ideally, the type I error rate on randomized pseudo-datasets should be equal to the significance level (here, 0.05). This randomization test revealed that the limited sampling of parasite strains leads to type I error at a rate that is sometimes higher than the expected 0.05. We therefore used the distribution of p-values on 500 pseudo-datasets to adjust the significance level for the temporal effects on the true dataset, ensuring a proper estimation of p-values. * The upper confidence limit for the genetic variance was below the maximum likelihood estimate of 0.63. This indicates the bootstrap procedure is not adequate to estimate confidence intervals for the two random effects variances ("Host Strain" and "Parasite Strain"). This is perhaps because the bootstrap uses resampling of the residual errors, which may tend to decrease the variance and thus underestimate the variances of random effects.
Supplementary
Supplementary Figure 1.
Local adaptation pattern for the parasite P. infectans, using all host and parasite populations sampled after day 0 (top row), or using the same set of parasites with time-shifted hosts sampled at or before day 0 (bottom row).
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